Observations of turbulent transport in magnetized plasmas indicate that plasma losses can be due to coherent structures or bursts of plasma rather than a classical random walk or diffusion process. A model for synthetic data based on coherent plasma flux events is proposed, where all basic properties can be obtained analytically in terms of a few control parameters. One basic parameter in the present case is the density of burst events in a long time-record, together with parameters in a model of the individual pulse shapes and the statistical distribution of these parameters. The model and its extensions give the probability density of the plasma flux. An interesting property of the model is a prediction of a near-parabolic relation between skewness and kurtosis of the statistical flux distribution for a wide range of parameters. The model is generalized by allowing for an additive random noise component. When this noise dominates the signal we can find a transition to standard results for Gaussian random noise. Applications of the model are illustrated by data from the toroidal Blaamann plasma.
Introduction
Most plasmas confined by magnetic fields exhibit strong fluctuations, in particular at the steep gradients near the plasma edge. These fluctuations are due to plasma instabilities and often give rise to anomalous transport in toroidal [1, 2] as well as linear devices [3] . Because of the importance of this problem, these fluctuations have been studied intensively both experimentally, numerically and by analytical methods. Considering the random or turbulent nature of these phenomena a significant part of the analysis has been based on statistical methods. In the present work we use data from the Blaamann experiment [2] for illustrating a randomly varying plasma flux signal.
The information in the amplitude probability density of a fluctuating quantity is not always easy to estimate due to finite record lengths, and reduced levels of information can be more attractive. Examples are the lowest order statistical moments. A number of observations of low frequency turbulence in magnetized plasmas have demonstrated a systematic relationship between skewness S and kurtosis K of the probability density of some fluctuating quantity [4] [5] [6] [7] [8] , the density for instance. Earlier, similar relations have been noted and studied for a variety of conditions for neutral atmospheric turbulence [9] [10] [11] [12] [13] [14] where local concentrations of contaminants were analyzed. It is often found that the skewness-kurtosis relations associated with these data can be modeled by a parabolic expression like
with suitably chosen constants A and C. These processes are often inherently non-Gaussian. For the Gaussian case the relation reduces to a point S K , 0,3,
where we use the definitions ò z z z z á ñ º and where ζ is the randomly varying quantity and P ( ) z is its probability density. Other definitions of K subtract the Gaussian value 3, so that K 0 ¹ measures deviations from the Gaussian value. It is often found that the analytical form (1) is robust, but the parameters A and B can change with changing experimental conditions. A general model thus has to include some parameters that can account for some essential experimental parameters.
Skewness-kurtosis relations have been discussed by several authors for a number of observations of plasma fluctuations [15, 16] . Several of these discussions have been limited to empirical models of the probability densities, and not to the underlying physical processes. Similar discussions have been presented also for concentration fluctuations in turbulent atmospheres [11] , where parameters of a general probability density model are associated with physical processes. The present study describes a model based on the assumption that coherent structures are present in plasma turbulence. We obtain relations between the parameters determining pulse-shapes and the coefficients entering the relation between skewness and kurtosis. By including an additive random noise component we can demonstrate a continuous transition to the Gaussian limit S K , 0,3 ( ) ( ) = when the random Gaussian noise dominates the signal.
From the outset, from small enough S, it could be argued that a polynomial relation between K and S can be expected. Such a relation can be truncated to second order:
K S AS DS C,
2 ( ) = + + with the parameters A D , , and C depending on the context. For a one-parameter scan of any given model or of a set of experimental data, there must be only one curve, since S itself can be used as a parameter. The difference between a generic parabola and (1) is that D = 0, or more generally the fact that K(S) is an even function of S. The observations give, however, support for (1) also for large S-values, so an argument based on a series expansion is difficult to maintain. The symmetry, or near symmetry, of K for varying S is a significant constraint that has to be consistent with models. Skewness-kurtosis relations will here be discussed in terms of parametric representations as
where ξ is some model parameter or a set of such parameters. In an experiment ξ can represent a spatial position, for instance, where turbulence conditions vary with this position.
The reduced information in a model relation like (1) can be restrictive and within some uncertainty level be consistent with several models based on different physical assumptions. More general basic features such as the probability densities for fluctuating quantities can offer a better support for a model if they agree favorably with observations. The models developed in this work are based on probability densities built upon physical models for flux signals.
The present paper is organized as follows. In section 2 we present some basic features of the fluctuating flux signal observed in the magnetized toroidal plasma experiment Blaamann at the University of Tromsø [2, 17] . These data form our basic reference case, and serve as representative also for other experimental conditions. Section 3 contains a discussion of properties of a simple analytical model for the flux signal. One of the consequences of this model is a prediction of a relation in the form (1) . Finally, section 4 contains our conclusions. The appendix describes a model for synthetic data that can reproduce some of the properties of flux signals found in the literature.
Experimental results from the Blaamann torus
As an illustration of the properties of plasma flux data, their skewness-kurtosis relations in particular, we use data from the discharge plasma in the magnetized Blaamann torus. The major radius of the vacuum vessel is R 0 = 0.67 m and the minor radius r 0 = 0.135 m. The toroidal magnetic field was 1540 G at a reference position in the center of the vacuum vessel. There is no toroidal current nor poloidal magnetic fields imposed on the plasma, and hence no poloidal transform. A small vertical magnetic field is imposed by external coils. The present experiment [18] was carried out in helium gas at a pressure of 1.0 × 10 −3 mbar and a discharge current of approximately 1 A. The hot filament was biased at −140 V with respect to the walls. The degree of ionization induced by the discharge is typically ∼1%. The hot filament emits electrons in abundance, and the plasma is electron rich, with a deep negative, nearly parabolic dc potential profile. The plasma conditions depend on the imposed potentials and magnetic fields [19] . Data are collected by movable Langmuir Figure 1 . Schematic illustration of the positions for data acquisition by the moving probe in a cross section of the Blaamann torus. One electric field component is obtained from the potential difference between probes CH1 and CH2 on the movable probe. Positions for data acquisition are shown with small filled circles along the x-axis. An open circle shows the position of a fixed reference probe detecting floating potential. The orientation in the figure used here differs from one used previously [20] .
probes as illustrated in figure 1 . The signals were digitized with a 12 bit digitizer at a sampling rate of 250 kHz (i.e. a sampling time of Δt = 4 × 10 −6 s) and 10 4 samples per channel. Five data records are obtained for each combination of movable (from x = −9 to x = +9 cm) and reference probe positions. Data similar to those analyzed here were described elsewhere [18, 20] where turbulent plasma fluxes due to low frequency electrostatic fluctuations were analyzed. Inspection of the data demonstrated that the flux signal was characterized by distinct 'spikes' with randomly distributed amplitudes. Similar data samples from the TJ-I tokamak, for instance, have been reported [21] .
In a part of the analysis, also data from a similar experiment with argon have been used for comparison. The argon data were obtained with magnetic fields in a range of 440-2640 Gauss, and at two different pressures, 1.0 × 10 −4 and 1.0 × 10 −3 mbar. The data were acquired at the same rate and record length, but with only one record per x-position. The positions overlapped with those of the helium experiment.
The low frequency fluctuating plasma velocity component in the direction perpendicular to the magnetic field, B, can for these conditions be approximated by the fluctuating B E B 2 -velocity. Signals for fluctuating electric field components and fluctuating plasma densities were available. From these signals the fluctuating component of the plasma flux in the radial direction of the plasma column can be estimated as a product of the density and the radial velocitycomponent. The estimate is restricted by ignoring for instance the ion polarization drift, which is small, however, since the relevant frequencies are much smaller than the ion cyclotron frequency. The plasma flux is fluctuating with a nonzero mean, indicating a net turbulent transport out of the plasma column. This plasma loss is found to be caused mostly by bursting events as in some other related studies [22] . Since the plasma flux is composed of a product of fluctuating density and velocity, we note that an outward burst can be obtained by the product of two positive or two negative components [20] . Although the two cases contribute with flux structures having the same sign, they will have different temporal and spatial properties. This observation implies that a flux signal can be modeled best by invoking a minimum of two structure shapes.
Basic features of the data
Details of the toroidal Blaamann device are given elsewhere [2, 17, 20] . The position of the discharge filament used in the present experiment gives a nearly rotationally symmetric parabolic potential variation that enhances the plasma confinement, see figure 2 . A sample figure showing a selected cross section is given elsewhere [20] , where the shear in rotation velocity at x 5 cm | | > is evident. The positioning of the electron emitting filament is essential for the spatial variation of the steady state potential variation. Other experiments place the filament closer to the wall of the device and consequently find a different potential variation. The most important probe information relevant for the discussion in the present analysis is summarized in figure 1 . By a movable multi-probe, simultaneous records of fluctuating plasma density and one electric field component were obtained. The electric field is deduced from the potential difference between two closely separated probe tips. A sample of raw data are shown in figure 3 . While the fluctuations in density and the radial velocity component have a wide band character, the flux signal has a noticeable component of burst-like structures with a preferred polarity giving a net flux out of the plasma column.
The probability densities of the fluctuating quantities, the joint probability densities in particular, can be estimated experimentally, with samples shown in figure 4 . Under stationary conditions, the radial component of the plasma flux probability density functions (PDF's) for the same two positions are shown in figure 5 . The average plasma flux integrated over a surface with radius R measured with respect to the plasma center has to be constant and independent of R.
When measured along the x-axis, see figure 1 , the flux density is decreasing with increasing x | | as found experimentally [20] . The distribution of flux density along the poloidal angle in the x-y-plane need not be constant since the symmetry is broken by the plasma B  -drift in the y-direction. Previous studies [18, 20] demonstrated that significant parts of the turbulent plasma losses in the Blaamann device were due to coherent structures in the form of 'streamers' associated with relatively narrow flux-channels stretching through a part of the plasma predominantly in the radial direction. The features are reminiscent of related observations in linear devices [23] . Plasma transport by 'blobs' has been discussed in the literature [5, [24] [25] [26] [27] [28] [29] [30] . The randomly varying flux signal is for such cases composed of a distribution of coherent structures rather than being the result of a random walk process. It will be argued that signals obtained by distributing coherent structures in a data record also give rise to some universal features relating the skewness and kurtosis of the flux signal by a simple algebraic form.
Experimental skewness-kurtosis relations
Using data from Blaamann we can make a scatter diagram of the skewness S and the kurtosis K of the signal, and make a fit to the form of (1) . Results are shown in figure 6 with filled black circles, together with a solid line for the best parabolic fit.
The distribution of the (S, K)-values forms a relatively compact cluster for x 0, > while we for x 0 < find a distribution along a parabolic fit which is here K S 1.7 6.8 2 » + for a helium plasma. We will later argue that the density of flux structures in the time records is the same at all positions x. The forms and amplitudes of the bursts are, however, varying with x, but seemingly in such a way that (S, K) retains a robust parabolic relation.
The large filled circular symbols in figure 6 refer to experiments in helium gas. We also have data for similar figure 1 , but only one per x-position for the experiments in argon. The statistical uncertainty in the latter data is therefore more than doubled, explaining at least partly the larger scatter. Here the scatter is too large to allow a meaningful analytical parabolic fit but by visual inspection we can observe a parabolic boundary. The shift in the best parabolic fit is however significant and larger than the average scatter in the data.
Coherent structures
A detailed analysis of the data (see sample in figure 3 ) indicated that the plasma flux was dominated by large coherent structures, or bursts of plasma propagating in the radial direction. The bursts had mostly positive polarity (corresponding to outwards plasma flux) but also negative bursts could be found. In order to substantiate the interpretation in terms of coherent structures we carried out a conditional analysis [31, 32] using the floating potential of the fixed reference probe marked by an open circle in figure 1 , and making a standard conditional analysis of the fluctuating signals. An example illustrating the spatial variation of a coherent plasma burst detected in the flux signal t r, ( ) G at a fixed time is shown in figure 7 . The result is obtained by conditional averaging [31] of the flux signal for positive xpositions and then 'translating' a temporal variation to angular positions with the known rotation velocity of the plasma column. In the central part of the plasma cross section (for x 6 | | < cm), we have evidence of a solid-body rotation of the plasma, and the structure seems to retain a coherent shape in this region, to be deformed by the rotational shear close to the plasma edge.
The result shown in figure 7 demonstrates that the plasma transport can be due to structures spanning most of the radial part of the plasma column. An alternative possibility could be transport due to small structures distributed over r R 0 , < < moving plasma in several steps eventually to be lost to the walls of the confining vessel. We found no evidence in support of this latter model in our experiment. The results in figure 7 are supported by a 'conditional reproducibility' analysis [32] (derived from a conditional variance [33] ) demonstrating that the observed burst is associated with a well defined spatial form, and it is therefore justified to call it a 'structure'.
The result in figure 7 illustrates that the observed structure crosses the entire plasma column in the radial direction: if it is detected at one x-position with x 0 > it will be detected in all. Consequently, the density of such pulses will be the same in all records as assumed in section 2.2, but the width and shape of the structures depend on x.
Flux maxima distributions
The pulse amplitude distribution P a (a) also contains important information. We estimated the amplitude distribution of the local maxima experimentally, with results given in figure 8 . Extremum distributions require specially long records to give a good resolution of P a (a) since only a fraction of the data correspond to maxima or minima. We note that in our case small amplitudes are the most probable, indicative of the random noise level. For larger amplitudes we find the . The polarity of the flux signal t ( ) G is changed for x 0 < so that all maxima correspond to a radially outgoing plasma flux for both x 0 > and x 0. < The color coding refers to the spatial positions x. Note the asymmetry in the distributions for x 0 > and x 0. < probability density of local maxima to decrease approximately exponentially. The number of small amplitudes is particularly large at the edges of the plasma, where the smallest amplitudes are also the most probable ones. This is the region where the signatures of the coherent structure in figure 7 are deteriorating. At smaller radial distances, the local amplitude distribution has its maximum at some finite value. We have no a priori reason to expect that these features are universal, but the results demonstrate that relevant amplitude distributions can be estimated experimentally. The information will be relevant for a subsequent modeling.
Skewness-kurtosis relations
A basic result from the analysis of the present study is that the dominant plasma losses in the Blaamann torus are due to coherent bursts emerging from the plasma column [2, 17, 32] . As discussed in the following, a signal constituted of such coherent entities has certain general properties, manifested for instance by relations between various moments of probability distributions. Rather than modeling probability densities [16] , we consider the physical processes in terms of the observed structures. An alternative and simpler analysis can be based on a model assuming correlated Gaussian density n  and velocity u  fluctuations. This model is outlined first. In many ways it can account for several of the observed features, but it turns out to be too restrictive by predicting all such processes to be described by the same relation between skewness and kurtosis, the only free parameter being the correlation coefficient ρ. More general models can be constructed based on randomly distributed structures in the flux signal. The additional parameters entering here will account for the shape of these structures.
A reference model based on correlated Gaussian density and velocity fluctuations
A reference model for the plasma flux found in the literature [21] is derived from a joint Gaussian PDF for the fluctuating velocity and plasma density as
where u E t B y ( ) º and ρ is the relevant correlation coefficient, with values 1.
Two opposing quadrants in the u n , ( )   -plane give rise to transport out of the plasma, the two other quadrants give transport into the main plasma column. Introducing new variables nu G º   and n g º  with the Jacobi determinant being , | | g  a plasma flux PDF is readily obtained [21, 34] by integration over all g to give
Here K 0 is the modified Bessel function of the second kind, with an integrable singularity at the origin, ensuring that P ( ) G is integrable over ρ. The result is illustrated in figure 9 . We note that Γ in addition to a fluctuating part also contains an average component
with the variance
The marginal processes for u  and n  are Gaussians, but the flux process nu G =   is not. The analytical expression [21] shown in figure 9 resembles the experimental results from Blaamann shown in figure 5 . We can, however, not take a seeming agreement between the experimentally observed flux-PDF and (2) as an indication of the underlying correlated Gaussian model to be correct or at least being a good approximation.
The marginal PDFs for density P n ( )  and velocity P u ( )  from the Blaamann experiment can be approximated by Gaussian distributions, although within some error [20] . The joint PDFs shown in figure 4 have no symmetry line in the n u , ( )   -plane, and are thus not well approximated by products of correlated Gaussian distributions. Consequently we can at best expect the skewness-kurtosis relation obtained by (2) to be an approximation, or rather a guide.
The probability density (2) has skewness S 2r = 3 1 This value of the correlation brings results from (2) close to those found in the Blaamann torus [20] , and also in qualitative agreement with the first measurements of probability densities of turbulent fluxes [3] .
sign of the average flux as well as the skewness of the flux-PDF. For an idealized experiment with a magnetized plasma column following (2) we might have n s and u s as well as the correlation ρ varying with radial position, but the skewness and kurtosis obtained at any position will be somewhere on the curve determined by S K , . ( ( ) ( )) r r The model (2) is thus restrictive by assigning the constants in K AS C 2 = + fixed values A 0.75 » and B 9 » for any experiment. This is found to be unduly restrictive for practical applications in describing experimental results. In order to accommodate also data from the Blaamann experiment as shown in figure 6 , the model has to be modified.
Noting the presence of coherent flux structures as in figures 3 and 7, we propose models using a superposition of flux bursts. The models give a better and more general basis for modeling turbulent transport. We find that the skewnesskurtosis relation associated with the flux-PDFs serve as a useful basis for distinguishing models.
Our analysis addresses the plasma flux signal, but the arguments are readily applicable also for a density signal, as discussed by other authors [4, 6] .
Simple model based on coherent structures
In order to discuss the possibility for a systematic relationship between skewness and kurtosis of the plasma flux signal we propose first a simple two-level model, that accounts for the observed presence of coherent structures. We assume that the flux is 'burst-like', i.e. it is either vanishing or it assumes a constant positive value 0 g > in a short time interval . t D The time variation of the flux event thus has a so called 'top hat' shape. The random process is assumed to be time stationary, and the probability α with 0 1   a for encountering a plasma burst at some given position is independent of time. It is essential for the following discussion that flux events do not overlap: in this sense the present approach differs from others [6] .
The probability density for the plasma flux in this basic model is
where the first term accounts for the cases where the flux vanishes, i.e. at times where no plasma burst is intercepted at the selected position. We readily obtain m m ag áG ñ = with m 1, 2, 3, ,  + holds for any probability distribution [35] , with the exception of PDF's with 0, s = which are singular in the present context. The simple analytical model (3) and its generalizations have been widely discussed in, for instance, studies of concentration fluctuations in turbulent environments [9] [10] [11] [12] [13] [14] .
For the simple two-level model discussed here it is not essential that all structures have the same duration [9, 36, 37] , thus we can have t D to be statistically distributed.
For a long time record of duration ,
is the number density of the appropriate flux-pulses in the record. Uncertainties due to end-effects in the time record, can be made arbitrarily small by increasing .  When μ is small, the distribution of the number N of pulses in a record can be approximated by a Poisson distribution, P N N exp .
Model with statistically distributed pulse amplitudes
The model (3) can be generalized by allowing for burst events containing a random amplitude parameter a with probability density P a . a ( ) In principle the amplitude can assume both signs even though the average is different from zero. Taking a as an amplitude factor we omit cases where the shape of the structure can depend on its magnitude, but the analysis can be extended to include also such cases. With a finite temporal duration t D of the flux event we here exclude Gaussian or exponential pulses which in principle extend from -¥ to . ¥
In the appendix we outline a derivation that relaxes this restriction.
We denote the pulse form by G a ( ) t for 0   t t D and G 0 a ( ) t = otherwise, and take t D to be the same for all pulses, irrespective of a. One example could be G a sin
where p is a deterministic fitting parameter. With this generalization we find the flux probability density to be
For the 'top hat' pulses assumed in e.g. (3) the amplitude probability density will be the same as P a , a ( ) but in general the two PDFs are different.
The previous results for , áGñ , 2 s S and K are now readily generalized [14, 36] . We find, for instance
For completeness, we might add that (except for the top hat signal) the distribution of amplitudes P a (a) is not simply related to the probability density of the signal amplitude.
Within the present model, a temporal signal will be composed of pulses with shape G a ( ) t placed at random positions (without overlap) and with randomly distributed amplitudes. The ensemble average will give the basic statistical averages, the skewness and kurtosis in particular, with values depending on the parameters used. As demonstrated by examples in the following, the values of skewness and kurtosis will satisfy approximate parabolic relations for varying parameters for a wide range of pulse shapes and basic statistical distributions.
Given the parameters and distributions entering the expression (4)
we then obtain the skewness and kurtosis
where the probability α now enters as a parameter. A parametric plot of K versus S for varying α is shown in figure 10 (a) for various choices of p but constant amplitudes a, i.e., P a a 1 .
We have analytical expressions for the curves shown, but the expressions are too long to be included here. We note that p 2 > will have S 0 > for all α with the present model. In particular for p = 2 we have S 0  for 1. a  In general for basic pulses G a ( ) t having positive polarity as in our case, small values of α will give positive skewness, while possibly negative values are found for large α as understood by basic arguments [14] . The limit of small α is the relevant one for the present application. A parabolic relation in the form (1) will appear as a good fit in all of the cases shown, although the basic pulse shape is different from case to case, see figure 10(b). One conclusion from this analysis is that the skewness-kurtosis relation is only weakly dependent on the 'spikiness' of the basic structures. The raw data in figure 3 indicates that p 4 > will give the best models for the spiky basic structures observed, but this parameter is only of minor importance for the resulting S-K relation. The conspicuous consequence of 'spiky' basic structures entering the time series is a restriction on the skewness range, allowing only positive values (for positive pulse polarities, negative skewness for negative polarities) for large values of the parameter p.
Additional information, supplementing what is found in figure 10 , is given in figure 11 . Here we present the variation of the skewness and the kurtosis for varying parameter 0 1.   a The line coding is the same as in figure 10 to facilitate comparison. As the exponent parameter p in G a ( ) t given before is changed, we note that the negative range of S is changed as well, and for instance for p = 4 (red curve) we have S 0 > for all α. In the discussion before we implied that a positive structure gives transport out of the plasma column. This will be the case for x 0.
> For the high magnetic field side (x 0 < in figure 1) we have negative structures giving net transport out of the plasma.
To illustrate the effect of a distribution in pulse amplitudes a, we show in figure 12 (a) the case where all pulses have the same form, here G a sin , ( ) ( ) t p t t = D but where the amplitude distribution P a (a) is a Gaussian is illustrated in figure 12 . The results are representative also for other distributions. The particular case where P a a figure 10 . The general observation is that the relation between kurtosis and skewness of the form K AS C 2 = + remains a good approximation in a restricted range, but the numerical values of A and C depend on the width of P a . a ( ) We note also that we can have a linear component DS (see for instance the first curve above the K S 1 2 = + reference in figure 12 ) as mentioned in the Introduction, but the numerical value of D is usually small.
The wider the pulse amplitude distribution, the larger is the deviation from the reference 'top hat' case with K S 1.
2
= + A wide amplitude distribution also reduces the range of variability of S. Note that the PDF used in this model (see figure 12(b) ) allows also for small inward plasma bursts A dashed red line for p = 4 will be almost indistinguishable from this, but it starts for a slightly larger S-value. We have taken all pulse amplitudes a to be equal. In (b) we show the temporal variation of the basic pulses entering the construction of (a). We show the 'top hat' form (which corresponds to p = 0), and G sin (as in the raw data in figure 3 ), i.e., the probability density extends to negative a. If we, with a fixed distribution P a , a ( ) repeat the analysis in figure 12 with G a sin
taking p 1, < we find that the curves approach the line K S 1 2 = + for decreasing p. The general trend is that a point
a a for a fixed value for α moves towards larger positive values of S and increasing K when the parameter p is increased. 'Spiky' shapes for G , a ( ) t i.e., increasing p-exponents, tend to give larger kurtosis. Distributed pulse amplitudes (as in figure 12 ) tend to give more positive skewness and increasing kurtosis for fixed pulse-shapes and fixed α when the amplitude distribution becomes wider. The width of the amplitude probability density has, however, a stronger influence on the skewness-kurtosis relation than the spikiness of the basic pulse model. There is no universal form for the amplitude distribution P a , a ( ) except for the case of Gaussian random noise. As we illustrated in figure 8 by an example from the Blaamann torus, it is feasible to obtain experimental estimates for P a (a) at least for large a. Gumbel probability densities are being associated with the statistics of the maxima of a random variable [42, 43] . A closer analysis of the possible relevance of this class of distribution for our data represents a future study.
As an illustration we show in figure 13 four cases with double-sided exponential distributions. The larges S-values are found for the most asymmetric P a (a)-distribution, while the K-variation changes comparatively little. The parameter p that determines how 'spiky' the individual pulses are, seems to have modest importance, it merely restricts the range of S-K variations, spiky structures restricting the lower K-range in figure 13 . It is thus possible to obtain analytical results which come close to those found experimentally, see figure 6 . We expect that the missing contributions for small skewness are caused by the poor fit to the observed probability density at small values of the maxima in figure 8 . In this range the double-sided asymmetric exponential distribution is no longer adequate.
Our analysis so far emphasized empirical relations between skewness and kurtosis of data from turbulent magnetized plasmas since these have been studied most, as also reported in the literature. As a part of our analysis we also obtained expressions for the entire probability densities, as in e.g. (4). For arbitrary distributions for P a (a) and pulse shapes, only little can be said concerning the general properties of P ( ) G but for the special shapes where a enters only as an amplitude factor we can obtain some direct analytical results.
with t D representing the support of the basic structure. Since P a (a) is normalized, it must decrease faster than a 1 as a . | |  ¥ Except at 0, G = there are thus no singularities Figure 11 . A parametric presentation of the skewness in (a) and the kurtosis in (b) for varying α. Line symbols and color are as in figure 10 . 
( ) t 
Even with the present simplifying assumptions, the integral in the result (6) has to be solved numerically in most cases. Some cases can, however, be solved analytically. If we, for instance, take
with a singularity for 0 G = for the symmetric case P a a exp .
We introduced the modified Bessel function of the second kind K . 1 4 This particular solution has no net plasma flux due to the chosen symmetry. Also, some examples with finite averages have analytical solutions, but these tend to be rather lengthy. Numerically obtained results are shown in figure 14 . It is interesting to note how much this PDF resembles the one shown in figure 9 , although the underlying models are completely different (see also the discussion in the appendix). We find the similarity with experimentally obtained results [20] even more interesting. The analytical expression for the probability density (6) contains free parameters that can accommodate different physical conditions. These parameters influence the entire probability density and its moments, in particular also the skewness and kurtosis, whereas in (2) only one parameter, the correlation ρ, affects S and K.
By use of (5), the average plasma flux can here be determined analytically as Note that this result is independent of the actual form of the pulse amplitude probability density P a : a ( ) all that is assumed is that its average value exists. We find, in particular, a 2 a áGñ = á ñ for p = 2 and a 3 8 a áGñ = á ñ for p = 4. Analytical expressions for m áG ñ are also readily found.
Model with statistically distributed pulse amplitudes and widths
So far we have implicitly assumed that one t D describes all pulses. Allowing for a distribution of pulse durations we have to anticipate that α depends on ,
It gives a simplification to assume that a and t D are statistically independent. In general, the positions of different pulse-types are constrained by the requirement N j j j
where N j is the number of pulses of type j in the record of duration .
 This constraint is not restrictive when 1.
explicitly, the result (4) can be generalized as 
, where we have the probability of encountering a plasma burst irrespective of its width and amplitude to be .
We see that the results of figure 10 apply also for these scaled pulses, since t D can be included in an effective parameter, which now becomes
Generally we find that pulse shapes that have a narrow half-width in comparison to their duration t D give larger positive skewness and larger kurtosis for P .
( ) G Pulses that are narrow in this sense (for example half a period of t sin n for some large exponent n, or a cnoidal wave) will only give positive contributions to the skewness.
A special case is where the flux signal is composed of two structures with different shapes. This could be due to non-overlapping pulses with
The analytical expressions for P ( ) G are readily generalized to include this case. Even with the generalizations given before, the present model is so far over-idealized in one respect by including only bursty events. To make the model even more realistic, we assume some independent additive random plasma flux fluctuations , 2 G implying ,
G is associated solely with the burst events discussed before, while 2 G accounts for the added noise. Studies of synthetic data with additive noise have been reported [7] and the consequences for a skewness-kurtosis relation were illustrated as well.
Within our model we can give an illustrative analytical result by considering the special case where the additive random plasma flux contribution has a zero mean Gaussian PDF with a variance , r 2 s implying that this part of the signal propagates plasma in and out of the plasma column with equal probability. An illustrative sample of such synthetic data is shown in figure 15 to be compared with the top trace in figure 3 . A random distribution of pulse amplitudes will make the similarity even more conspicuous. Note that the noise itself contains sporadic large pulses that can be mistaken for structures [44] . The average áGñ remains the same as for (8) also for additive random noise with zero mean, while the variance becomes , áG ñ + áGñ -áG ñáGñ, but the normalization by 3 2 s that is entering the skewness is changed. For the fourth moment we find 
We used that 3 r 2 4 4 s áG ñ = for a Gaussian random process. With these generalizations we believe that the model can describe a wide range of experimental conditions, in particular also the bursty plasma transport observed in Blaamann and similar devices.
In order to illustrate the consequences of additive noise, we show in figure 16 with heavy dotted line the skewnesskurtosis relation for a case where the constant noise level has 0.2. s =
The details of the curve depend on the form chose for G . a ( ) t The results in figure 16 are valid irrespective of the correlation time of the Gaussian noise in relation to the width of the pulses. In the flux probability density we find that a small level of Gaussian noise will round-off the 'cusp' at the origin found in for instance figure 14 .
As the parameter 0, a  the noise dominates the signal and we find K 3  and S 0  for Gaussian noise with zero mean. By analyzing different parameter combinations, we find that by restricting α-values to a range where 1  s áGñ this part of the curve is not accessed. For a wide range of α-values we find again that a relation in the form K AS C 2 = + remains applicable with properly chosen values for the constants A and C. We note that the range of variability of these constants is modest: in all the cases illustrated here we have, for instance,
If we restrict the analysis to the range
the largest deviations from the reference case being caused by the additive noise.
The analysis of skewness-kurtosis relations outlined in this section can be generalized to several other related problems. The entire probability density for the signal composed by structures and independent additional random noise can be obtained by a convolution of the noise PDF (usually a Gaussian with zero mean) and a PDF of the form (8).
Conclusions
The present study addresses observations of seemingly robust relations between skewness and kurtosis of the form Figure 15 . Illustration of a synthetic signal consisting of pulses of the form a sin 2 ( ) pt t D with additive Gaussian noise with zero mean. The dashed red line gives the contribution of the structures alone, the black line includes the additive noise. We kept all pulse amplitudes and widths to be the same, (a 3.5, 4.5 = D= ) in order illustrate how the added noise gives a distribution in the local maxima. Note that the noise itself contains sporadic large pulses. We use the pulse-form G a sin a ( ) ( ) t p t t = D for 0   t t D and fixed amplitude a. The variation along the curves is also here due to a varying probability α defined in the discussion of, for instance, (3). For 1 a  the structures are rare, and the signal is dominated by the Gaussian noise giving S K , 0 ,3.
+ observed in a number of experiments in turbulent plasmas as well as in turbulent neutral flows. Using data from the Blaamann experiment as a reference we propose a general model for synthetic flux signals where a number of analytical results can be obtained.
Instead of radial plasma flux resulting from correlated Gaussian distributions [21, 34, 45] we suggest a model based on flux signals composed of random non-overlapping pulses characterized by some measurable parameters, distributed amplitudes for instance. Some general analytical results, such as (7) can be obtained by the model. We believe that the seemingly robust skewness-kurtosis relations can also be adequately explained by this model. The appendix contains a discussion of the relation of present results to the Rice model for synthetic signals found in the literature [38] . For given experimental conditions as in the Blaamann torus we can assume that flux structures traverse the plasma in the radial direction, see figure 7 . This means that the number of large coherent structures will be the same in each of the records from the selected probe positions. The temporal duration t D of an event (i.e. as given by G a ( ) t in (4)) and its amplitude and width as sampled at some position x depends in general on the position, see figure 7 . The probability α entering for instance (5) will therefore also in general depend on position. The change in numerical coefficients in the (K, S)-relation is thus caused by a change in shape of the basic flux structures as well as their statistical properties when we change the filling gas from helium to argon in the experiment.
Our analysis emphasized empirical relations between skewness and kurtosis of data from turbulent magnetized plasmas since these have been studied most, as also reported in the literature. As a part of our analysis we also obtained expressions for the entire probability densities, as in e.g. (4) . Relatively few observations of plasma flux PDF are reported, but it seems plausible that our model (see figure 14) can be made to accommodate observations [3, 20, 22] with proper choice of parameters. Our results agree well with data from Blaamann, with samples shown in figure 5 .
We used data from the former Blaamann torus for illustration, and expect that it can be worthwhile to analyze data from other similar devices in the same way. For our reference case, the discharge in helium, the general model based on narrow structures placed randomly in a record without overlap is capable of explaining, for instance, the sign of the skewness of the flux signal. We thus have S 0 > for x 0 > with net plasma flux out of the plasma in the positive xdirection, and S 0 < for x 0 < with net plasma flux out of the plasma in the negative x-direction. The level of kurtosis is consistent with a large scatter in peak amplitudes of structures, see for instance figure 12. The Blaamann data for helium and argon demonstrated also the need for some parameters accounting for deviation from the simple model (2).
Our analysis allows for inclusion of additive independent random noise, in particular allowing for a continuous transition to the Gaussian limit where the noise completely dominates the contribution from the coherent structures. By inclusion of such a noise level the model allows for modeling contributions from classical diffusion in addition to a dominant plasma transport originating from coherent structures in the flux-signal. Some studies [46, 47] have indicated that parabolic relations between skewness and kurtosis seem very robust, but a transition to the Gaussian limit S K , 0,3 ( ) ( ) = has to result by adding Gaussian noise of sufficient intensity. Our model satisfies this criterion.
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Appendix. Analytical models for synthetic data
Synthetic data can often be useful for illustrating properties of real signals. In some sense it might be argued that the properties of a signal are completely understood if we are in a position to produce a synthetic data-set with statistical properties that are indistinguishable from the original data-set [48] . Several systematic methods can be found in the literature. Here we will refer to the Rice model [39, 49, 50] that has been used often. Elements of these ideas were presented before [40, 41, 51] .
The model assumes the problem being described by pulses appearing randomly in time with some given spatial variation, i.e., a signal for potential is given by
where ψ denotes a space-time varying elementary potential pulse and the subscript j refers to the temporal position of this pulse in the record. The amplitude a is included for later convenience. We assume the temporal duration of the record to be finite, .
for all t by assumption. It turns out to be an important assumption that time instances t j are random and uniformly distributed in the time-record. We have N to be the total number of such pulses in the given realization. We keep the detector position r as a reminder that the time-record changes when the detecting probe is moved. 
with a similar result for the fluctuating density and any component for the fluctuating electric field. It can be demonstrated analytically that P ( ) f approaches a Gaussian distribution in the limit where , m  ¥ i.e. when many pulses overlap. In this limit we will have 
¶ To simplify the notation, we suppressed the spatial dependence of η and y ¢ in the time integral. Statistical distributions in pulse amplitudes a and b are easily accounted for [49] . A distribution involving different pulse shapes when constructing the record for n t r, , ( ) and similarly for t r, , ( ) f is also possible, but the expressions become a little more complicated.
We can obtain other joint probability densities such as P ,
by generalizing (A.4) to describe superposition of pulse-like plasma flux events. This joint probability density will be particularly valuable for modeling excess time statistics [20, 44] .
Again it can be demonstrated [49] that P n u , x ( ) as given by (A.4) approaches a joint Gaussian PDF when m  ¥ in the form (2 between n  and u x  develops. This happens for instance when the electrons can no longer maintain a local Boltzmann equilibrium by flowing along magnetic field lines [53, 54] . Their motion can be inhibited by electron-ion collisions, giving in this case the resistive drift wave instability [53] .
We have thus a model for synthetic data which as a limiting case reproduces (2) and thereby the results derived from it. An essential element in the present derivation is, however, that many pulses or structures overlap when , m  ¥ making the central limit theorem effective. If we assume pulses or coherent structures to be responsible for most of the plasma transport, it might be difficult to argue that two or more structures are present at the same time at the same spatial position. We will discuss the limit where overlap of structures is improbable, i.e., the limit of small μ.
To illustrate the transition to our new model (3) we assume that the density as well as velocity signals are composed by 'top hat' pulses with amplitudes n 1 and u 1 , respectively, with a temporal overlap of duration . t D Let the pulses have the two polarities with equal probability so that the average is vanishing. The sign of the density and velocity pulses are synchronized in the sense that corresponding pulses have the same signs of the amplitude. The flux signal is then composed of top hat structures as well with amplitudes n u 0 1 1 > and duration . t D For this case we can find the flux-PDF analytically with the result [39] i.e. the form (3). The construction used here also emphasizes the importance of distinguishing synthetic data obtained by non-overlapping pulses as in (3), from the completely random distributions as in the standard Rice model used for (A.5). In the limit of 0 m t D  the two models become indistinguishable. For general pulse-forms (different from top hat pulses), we expect that (A.3) and (A.4) can be applied in the limit of 1 m t D  for non-overlapping pulses. For this limit we thus find from (A. where the unity term in the brackets contribute, with a δ-function as before.
Introducing the restricted probability of encountering a pulse as α in (3) gives a simple way of avoiding overlapping pulses. For illustration we used here only a model where the plasma flux associated with each pulse was positive, i.e., out of the plasma. Sporadic inwards flux components can be obtained by introducing also overlapping density and velocity pulses that has opposite polarity.
